23Na NMR study of intracellular sodium ions in Dictyostelium discoideum amoeba.
The intracellular sodium concentration in the amoebae from the slime mold Dictyostelium discoideum has been studied using 23Na NMR. The 23Na resonances from intracellular and extracellular compartments could be observed separately in the presence of the anionic shift reagent Dy(PPPi)7-2 which does not enter into the amoebae and thus selectively affects Na+ in the extracellular space. 31P NMR was used to control the absence of cellular toxicity of the shift reagent. The intracellular Na+ content was calculated by comparison of the intensities of the two distinct peaks arising from the intra- and extracellular spaces. It remained low (0.6 to 3 mM) in the presence of external Na+ (20 to 70 mM), and a large Na+ gradient (20- to 40-fold) was maintained. A rapid reloading of cells previously depleted of Na+ was readily measured by 23Na NMR. Nystatin, an antibiotic known to perturb the ion permeability of membranes, increased the intracellular Na+ concentration. The time dependence of the 23Na and 31P NMR spectra showed a rapid degradation of Dy(PPPi)7-2 which may be catalyzed by an acid phosphatase.